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1 Introduction

There have been many studies involving frying of potato
chips in various vegetable oils in order to observe the qual-
ity of the fried product [1-6]. Frying oils are exposed to ex-
treme environmental conditions (air, water or steam, high
temperatures of 140-200 °C), trace metals that result in
degradation of the frying oil triacylglycerols by oxidation,
polymerization, isomerization, cyclization and hydrolysis
reactions [4-6]. These reactions affect the flavor quality of
foods fried in the oils. Frying produces oils that are complex
mixtures of unaltered triacylglycerols, triacylglycerols with
conjugated diene and trans fatty acids, volatile compounds
such as aldehydes, triacylglycerol oxidation products such
as alkoxy, epoxy, keto monomeric compounds, higher mol-
ecular weight oxidation products, thermal degradation
products such as oligomeric triacylglycerols or triacylglyc-
erols with cyclized fatty acids and hydrolysis products such
as diacylglycerols [6]. Additionally, frying oils, which have
cooled to room temperature, contain triacylglycerol mono-
hydroperoxides, that are only fleetingly present at frying oil
temperatures [6]. A large number of the oxidation products
have not been identified yet [6]. Many of the triacylglycerol
oxidation products, which are formed, would be expected
to be decomposed to volatile compounds during frying or
heating [6]. While major quantities of the volatiles are

steam-distilled out of the frying oil, some quantities of the
volatiles remain in the oil and in the fried foods affecting fla-
vor and odor of the food. To better control the production of
undesirable flavor and odors, the respective volatile pre-
cursors or the molecular markers for the undesired volatile
compounds need to be identified. Most reported studies of
frying oil degradation products, which affect flavor, have in-
volved various analyses of the fryer oil but not the oil ab-
sorbed by the fried food such as potato chips [4-6]. Very lit-
tle work has been reported on the oil extracted from food
products. Since the absorbed oil directly affects the flavor
of the fried food, it is important to study the degradation
products in this oil. Most extractions of lipids from foods use
a labor-intensive and time-consuming process with large
amounts of product extracted by hexane [7-10]. For analyt-
ical work, the hexane has to be removed; however, re-
moval of hexane can produce artifacts, that can give mis-
leading analytical results for degradation products. Also,
hexane is an undesirable solvent and an environmentally
unfriendly compound. Recently, supercritical fluid extrac-
tion has become more extensively utilized in the extraction
of fats from foods using supercritical carbon dioxide, a non-
toxic material [11-19]. Thus, a fat extract is obtained with
little or no deterioration and with no solvent residue. How-
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ever, there exists no study comparing the efficacy of super-
critical carbon dioxide extraction to the hexane-Soxhlet ex-
traction referring to all the triacylglycerols, degradation
products and non-triacylglycerol compounds such as toco-
pherols from a fried food product. Much current research
on inherent antioxidants such as tocopherols require com-
plete extraction of these materials from fried food to deter-
mine their retention levels. Therefore, our objective in this
study was to compare compositions of oils extracted by su-
percritical carbon dioxide or hexane-Soxhlet from potato
chips fried in cottonseed oil or low linolenic soybean oil.

2 Materials and methods

2.1 Materials

The oils used were commercially refined, bleached, and
deodorized cottonseed oil (CSO) and low linolenic acid
soybean oil (LLSBO). The oils contained only citric acid
as an additive. Tocopherol samples were obtained from
Matreya, Inc., Pleasant Gap, PA, USA. The standard of
soybean oil oligomers (dimer, trimer, tetramer, etc.) was
isolated from heated soybean oil [20]. The standard oleic
series of triolein, diolein, monoolein and oleic acid was
obtained from NuChek Prep, Inc. Elysian, MN, USA.
Hexane, acetonitrile (ACN) and dichloromethane (DCM)
used for extractions were HPLC grade. Idaho Russet va-
riety potatoes were purchased locally. 

2.2 Potato chip frying operation

The frying protocol included intermittent frying of potato
chips at 190 °C with a total heating/frying time of 20 h.
800 g of each oil were heated in 1-l capacity fryers (Presto
Industries, Model 2540, Eau Claire, WI, USA) for 6-7 h
each day for 3 d. Fresh Idaho Russet potatoes were
sliced, washed and fried in 100-g batches. Potato chip
samples and fryer oil samples were taken at the 1, 10 and
20 h frying times. Each day 80 g of fresh oil were added
as makeup oil to each fryer. 

2.3 Supercritical carbon dioxide extraction

Supercritical fluid extractions (SFE) were performed with
an ISCO Model 3560 SFE (ISCO Corporation, Lincoln,
NE, USA). Potato chip samples (6.5 g) were mixed with
ca. 2 g Leco-Dry (Leco Corporation, St. Joseph, MI, USA)
and subsequently added to the extraction cell containing
a glass fiber filter disk (18 mm diameter) on the bottom.
Additional Leco-Dry was added to nearly fill the extraction
cell and a second glass fiber filter was placed on top. The
supercritical extractions were performed at 68.9 MPa and
70 °C at a flow rate of 2 ml/min for 45 min after an initial
1 min static hold. The variable restrictor was held at 55 °C
and extracts were collected in 20 ml pre-cooled (5 °C) and

pressurized vials. 7 ml methylene chloride were used to
clean the restrictor and were collected separately. The
collection vials were purged under a gentle stream of ni-
trogen at room temperature and samples subsequently
stored under nitrogen at –70 °C. SFE grade CO2 (Air
Products and Chemicals Inc., Allentown, PA, USA) was
used for all extractions.

2.4 Hexane extraction 

20 g of potato chips per extraction were extracted by
hexane at 69 °C in a Soxhlet apparatus for 6 h. 

2.5 Total polar compound analysis

The total polar compound analysis was conducted using
the column chromatography methods from American Oil
Chemists’ Society Official Methods and Recommended
Practices [21].

2.6 Tocopherol analysis

The α-, γ- and δ-tocopherol levels in the fresh oils, fryer
oils, and oils extracted from potato chip samples were de-
termined by a high-performance liquid chromatography
(HPLC) with a polar phase column coupled with a fluores-
cence detector. The HPLC column used was a 3 micron
particle size ultra silica HPLC column (25 × 0.49 cm) from
Phenomenex (Torrance, CA, USA). The solvent system
was 2% 2-propanol in hexane. The solvent was pumped
at 0.5 ml/min. Sample size was 10 µl of 50 mg solute per
ml of the mobile solvent. The fluorescence detector data
was processed by the Star Workstation with version 4.0
soft ware (Varian, Walnut Creek, CA, USA). The fluores-
cence detector was an HP programmable unit model
1046 A (with excitation wavelength set at 298 nm and
emission wave length set at 345 nm with gain at 6)
Hewlett-Packard Co (Palo Alto, CA, USA). The data out-
put from the fluorescence detector was processed or
integrated by a Star Chromatography Workstation. The
tocopherol levels in the samples were expressed in chro-
matogram peak area counts. Linear standard curves 
of areas for α-, γ- and δ-tocopherol standards from
0.6-500 ppm concentrations were obtained. The tocoph-
erol standards were prepared by appropriate dilutions of
the standard tocopherol, 50 mg tocopherol, 99.4% pure,
in 1 ml hexane.

2.7 Non-triacylglycerol analysis

Analysis of polymeric, monomeric, diacylglycerol, mono-
acylglycerol and free fatty acid components of the oils were
obtained by size exclusion chromatography (SEC). SEC
of the oil mixtures was performed on three, 30 x 7.5 cm,
5 µm particle size, PL-gel columns, PL Separation Sci-
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ences, Polymer Laboratories Ltd. (Shropshire SY6 6AX,
UK) in series. One column each of 50 nm, 10 nm and
5 nm (in this order) were used. DCM at 0.5 ml/min were
used as the isocratic solvent for SEC. Twenty-five micron
samples were injected in triplicate. The detector was an
evaporative light-scattering detector (ELSD) Sedex Mod-
el 75, Sedone (Altontville, France). The drift tube was set
at 32 °C. The gas-flow was set at a pressure of 1.6 hPa.
The photomultiplier gain was times 4. High purity N2 was
used as the nebulizer gas. SEC chromatogram peak
identification was in reference to a standard of soybean
oil oligomers (dimer, trimer, tetramer, etc.) and to a stan-
dard oleic series of triolein, diolein, monoolein and oleic
acid. The data output from the ELSD detector was
processed or integrated by a Star Chromatography Work-
station. The product levels in the samples were ex-
pressed in chromatogram peak area counts to give com-
position in area percent. 

2.8 Triacylglycerol composition analysis

Reverse phase (RP)-HPLC was performed with a Thermo
Separation Products (Schaumburg, IL, USA) (Model SP
8800) ternary solvent system with two RP-HPLC columns
with bonded silyl (CT8) ODS, Inertsil ODS-80A, GL Sci-
ences, Keystone Scientific (Bellefonte Park, PA, USA), 25
cm, 4.6 mm, 5 µm in series. The gradient elution was as
follows: 80% acetonitrile (ACN), 20% dichloromethane
(DCM) to 20% ACN, 80% DCM after 120 min. The flow
rate was 0.5 ml/min. Sample size (25 mg) injected was
10 µl of 25 mg solute/ml DCM. Samples were injected in
triplicate. The detector was an ELSD Sedex Model 75 op-
erated as for SEC analysis. The data output from the
ELSD detector was processed or integrated by a Star
Chromatography Workstation. The product levels in the
samples were expressed in chromatogram peak area
counts to give triacylglycerol composition in area percent.

2.9 Peroxide value determination

Peroxide values (PV) were determined in triplicate (15 mg
samples) by the previously reported colorimetric ferric
thiocyanate method [22].

2.10 Statistical analyses

Statistical analyses of three replicate analyses of α-, γ-
and δ-tocopherols were conducted to determine effects of
oil source and frying time. Analyses of variance (ANOVA)
were performed with Statistix 7 software (Analytical Soft-
ware, Tallahassee, FL, USA). Means were compared us-
ing least significant difference (LSD) at the P = 0.05 level.

3 Results and discussion

3.1 Hexane and supercritical fluid extraction

The objectives of this study included methodology devel-
opment for SFE to potentially replace hexane extraction
of oil absorbed by potato chips during frying. The SFE
method used a much smaller sample (2.5 g) than the
hexane extracted potato chip sample, which required 20 g
for the 6 h Soxhlet extraction. The SFE procedure used a
much shorter extraction time (45 min) compared to the 6 h
hexane procedure. In addition, no solvent had to be re-
moved from extract obtained by SFE. Shorter extraction
times and no solvent removal probably reduced artifact
formation in the SFE samples compared to the hexane-
extracted potato chips. Finally, SFE is safer and environ-
mentally less hazardous than hexane extraction.

3.2 Oil recovery and decomposition products 

In the development and validation of the SFE procedure,
it was important to determine any differences in composi-
tion and yield in oil extracted from the potato chips. For
cottonseed oil, overall mean (+ standard deviation) oil re-
coveries for SFE and hexane extractions were 47.5%
(+1.9%) and 49.0% (+2%), respectively. For low linolenic
acid soybean oil, overall mean oil recoveries were 46.5%
(+1.9%) and 48.0% (+2%), respectively. The SFE proce-
dure was compared with the hexane extraction procedure
for potato chips fried 20 h in cottonseed oil. Data for the
6 h hexane extraction of 25.98 g of chips showed 47.0%
oil yield with a PV of 8.33 meq peroxide/kg and 17.29%
total polar compounds. Data from the 1 h SFE of 5.70 g
chips showed 45.6% oil yield with PV of 9.02 meq perox-
ide/kg and 17.54% total polar compounds. The differ-
ences in recovery of oil between SFE and hexane extrac-
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Tab. 1. Mean (n = 3) concentrations (ppm) of α-and γ-tocopherols in fryer oils and in potato chips extracted from cotton-
seed oil after 1, 10 and 20 h of frying by either supercritical fluid extraction (SFE) or by hexane†.

Alpha Gamma

Oil source 1 10 20 1 10 20

Fryer oil 690a 470a 476a 233a 150a 126a

SFE 606a 520a 493a 213a 163a 146a

Hexane 720a 563a 546a 240a 193a 176a

† Means within each column with letters in common are not significantly different (P ≥ 0.05).
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Tab. 2. Mean (n = 3) concentrations (ppm) of γ- and δ-tocopherol in fryer oils and in potato chips extracted by either
supercritical fluid extraction (SFE) or by hexane from low linolenic soybean oil at 1, 10 and 20 h of frying†.

Gamma Delta

Oil Source 1 10 20 1 10 20

Fryer oil 460a 313a 160a 160a 140a 53a

SFE 440a 323a 230b 150a 146a 116b

Hexane 436a 250a 223b 160a 77b 100b

† Means within each column with letters in common are not significantly different (P ≥ 0.05).

Tab. 3. Triacylglycerol and non-triacylglycerol compositions of cottonseed oil†.

0 time 1 h 10 h 20 h

Analyses Oil source Fryer oil Hexane SFE Fryer oil Hexane SFE Fryer oil Hexane SFE

Oligomer 0 0 0 0 0 0 0 0 0 0
Trimer 0 0 0 0 0 0 0 0 0 0
Dimer 0.1 0.5 0.3 0.3 0.4 0.9 0.8 0.9 1.3 1.8
Monomer 99.7 99.1 99.3 99.4 99.4 99 98.9 99 98.5 97.7
DAG 0.3 0.5 0.4 0.4 0.2 0.2 0.3 0.1 0.2 0.5
MAG 0 0 0 0 0 0 0 0 0 0
FFA 0 0 0 0 0 0 0 0 0 0
Total TAG 99.7 99.1 99.3 99.4 99.4 99 98.9 99 98.5 97.7
Total NonTAG 0.3 0.9 0.7 0.6 0.6 1 1.1 1 1.5 2.3

TAG
LnLnLn 0 0 0 0 0 0 0 0 0 0
LnLnL 0 0 0 0 0 0.1 0.1 0.1 0 0.1
LnLL 0 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
LnLnO 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1
LnLnP 0 0 0 0 0 0.1 0.1 0.1 0 0
LLL 16.4 16.7 16.9 16.8 15 14.5 14.6 14.2 14.8 13.8
LnLO 0.1 0.4 0.4 0.4 0.5 0.6 0.5 0.6 0.5 0.4
LnLP 0.4 0.4 0.4 0.4 0.5 0.7 0.6 0.6 0.5 0.4
LLO 10.9 10.8 10.8 10.6 11.2 10.6 11 10.4 11 10.2
LnOO 0 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2
LLP 33.5 32.2 34.7 33.9 28.6 27.9 28.5 28 29.5 30.1
LnOP 0.7 0.7 0.7 0.7 1 1.2 1 1.1 0.9 0.9
LnPP 0.4 0.4 0.4 0.3 0.1 0.1 0.7 0.1 0.1 0.5
LOO 2.5 2.6 2.4 2.4 3.9 3.8 3.2 3.7 3.6 2.8
LLS 1.1 1.1 1 1 1.5 1.5 1.5 1.4 1.4 1.3
LOP 14.4 14.5 13.6 13.9 14.5 14.4 14.8 14.7 14.6 15.3
PLP 13.3 13.7 12.6 13.2 13.7 13.9 14 14.4 13.8 15.2
OOO 0.7 0.6 0.6 0.6 1 1.1 1 1.1 1 0.9
LOS 0.5 0.4 0.4 0.4 0.7 0.7 0.7 0.6 0.6 0.5
POO 1.8 1.7 1.6 1.7 2.3 2.5 2.4 2.5 2.3 2.3
SLP 0.9 0.9 0.8 0.9 1.2 1.4 1.3 1.4 1.2 1.2
POP 2.4 2.4 2.2 2.3 3.2 3.5 3.2 3.6 3.1 3.4
PPP 0 0 0 0 0 0 0 0 0 0
SOO 0 0.1 0.1 0.1 0.2 0.3 0.3 0.3 0.2 0.3
SLS 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
SOP 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.3 0.3
PPS 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.1
SOS 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.1
PSS 0 0 0 0 0 0.1 0.1 0.1 0 0.1
SSS 0 0 0 0 0 0 0 0 0 0.1

† See experimental section for analytical methods.



tion procedures for potato chips were not significant. The
closeness of the peroxide value and polar component
percent of the extracted oils showed that both procedures
extracted the same amount of degradation products and
the same amount of unreacted triacylglycerol.

3.3 Oil composition 

To determine the composition of the fryer oils and the oils
extracted by SFE and hexane, tocopherol, triacylglycerol,
polymer, monomer, diacylglycerol, monoacylglycerol, and

free fatty acids were measured. Knowledge of tocopherol

concentration in the oil absorbed by potato chips and in

the fryer oil can be used to study the pro-oxidant or an-

tioxidant effects of minor constituents in oils and foods.

The ANOVA for α-tocopherol levels in cottonseed fryer oil

and potato chips fried in cottonseed oil indicated that

there was no significant effect of oil source (hexane or

SFE extraction or fryer oil) (P = 0.21) (Tab. 1). The inter-

action was not significant (P = 0.77). As expected, time

was significant (P = 0.001) because α-tocopherol de-
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Tab. 4. Triacylglycerol and non-triacylglycerol composition of low linolenic acid soybean oil.

0 time 1 h 10 h 20 h

Analyses Oil source Fryer oil Hexane SFE Fryer oil Hexane SFE Fryer oil Hexane SFE

Oligomer 0 0 0 0 0 0 0 0 0 0
Trimer 0 0 0 0 0 0 0 0 0 0
Dimer 0 0.1 0.1 0.2 0.7 1.3 1.1 0.7 1.7 2
Monomer 99.9 99.8 99.7 99.6 99.2 98.6 98.7 99.2 98.1 97.8
DAG 0.1 0.2 0.1 0.2 0.1 0.1 0.2 0.1 0.2 0.2
MAG 0 0 0 0 0 0 0 0 0 0
FFA 0 0 0 0 0 0 0 0 0 0
Total TAG 99.9 99.8 99.7 99.6 99.2 98.6 98.7 99.2 98.1 97.8
Total NonTAG 0.1 0.2 0.3 0.4 0.8 1.4 1.3 0.8 1.9 2.2

TAG
LnLnLn 0 0 0 0 0 0 0 0 0 0
LnLnL 0 0.1 0.1 0 0.1 0 0.1 0.1 0 0.1
LnLL 1.6 1.5 1.6 1.7 1.3 0.9 1.3 1.1 1.1 1.2
LnLnO 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.1 0.3
LnLnP 0 0 0 0 0 0 0 0 0 0
LLL 23.5 22.6 21.6 19.9 21.5 23.6 21.8 20.7 23.7 19.1
LnLO 1.7 1.7 1.8 1.9 1.7 1.2 1.7 1.6 1.5 1.8
LnLP 0.6 0.6 0.7 0.8 0.6 0.3 0.6 0.6 0.4 0.7
LLO 21.8 21.9 21.5 20.5 21.7 23.7 21.9 21.7 23.2 20.5
LnOO 0.5 0.5 0.6 0.6 0.5 0.4 0.6 0.5 0.4 0.7
LLP 14.5 13.9 13.7 14.1 14 14.6 14 13.7 14.4 13.6
LnOP 0.3 0.4 0.4 0.5 0.4 0.3 0.4 0.4 0.3 0.5
LnPP 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1
LOO 10.6 10.5 10.7 11.2 10.9 10.8 10.9 11.2 10.9 11.2
LLS 3.7 3.8 4 4.2 3.7 3.2 3.7 3.8 3.3 3.9
LOP 9.4 9.4 9.4 9.8 9.7 9.6 9.8 10.1 9.7 10.1
PLP 1.6 1.5 1.7 1.9 1.6 1.3 1.7 1.7 1.3 2.1
OOO 3 3.4 3.5 3.7 3.5 3.1 3.4 3.7 3.1 4
LOS 2.6 2.8 3 3.1 2.8 2.5 2.8 2.9 2.4 3.2
POO 2.2 2.3 2.4 2.6 2.5 2.2 2.5 2.6 2.1 3
SLP 0.8 0.9 1 1.1 1 0.7 1 1 0.7 1.2
POP 0.4 0.5 0.6 0.6 0.6 0.4 0.6 0.6 0.4 0.7
PPP 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
SOO 0.6 0.7 0.7 0.8 0.8 0.6 0.8 0.8 0.6 1
SLS 0.1 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.1 0.3
SOP 0.2 0.3 0.3 0.4 0.3 0.2 0.3 0.4 0.3 0.5
PPS 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
SOS 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
PSS 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.1
SSS 0 0 0 0 0 0 0 0 0 0



creased with increasing frying time. Similarly, γ-toco-
pherol levels in cottonseed oil and chips showed no sig-
nificant difference from of oil source (P = 0.09), but frying
time was significant (P = 0.001). The interaction was not
significant (P = 0.76). For cottonseed oil, γ-tocopherol
concentrations also decreased as frying time increased
(Tab. 1).

γ-Tocopherol levels in low linolenic soybean oil indicated
no significant effect of extraction type at 1 and 10 h of fry-
ing (P = 0.07) (Tab. 2). However, at the 20 h frying time,
there was a significant difference between the γ-toco-
pherol level in the fryer oil and the amount of γ-tocopherol
in either of the extracted oils (P = 0.05). Frying time was
significant (P = 0.0001), as γ-tocopherol in low linolenic
acid soybean oil decreased as frying time increased
(Tab. 2). The interaction was significant too (P = 0.002).
The ANOVA for the δ-tocopherol in low linolenic soybean
oil showed no significant difference between oil sources
at the 1 h frying time (P = 0.07). At the 10 h time, we found
the only instance in this study of a significant difference
related to the extraction method, as the oil extracted with
SFE contained significantly more δ-tocopherol than the
hexane extracted oil (P = 0.02). At the 20 h frying time,
both extracted oils had significantly more δ-tocopherol
than the fryer oil sample (P = 0.04), which was the same
result found for γ-tocopherol in the 20 h samples. Signifi-
cant effects of frying time (P = 0.0001) as well as a signif-
icant interaction (P = 0.001) were observed as well. δ-To-
copherol concentrations in low linolenic soybean oil tend-
ed to decrease as frying time increased (Tab. 2).

Non-triacylglycerol compositions presented in Tab. 3 for
cottonseed oil and in Tab. 4 for low linolenic acid soybean
oil showed no differences between the SFE and hexane
extraction of degradation products with fry time. There
were few differences between the non-triacylglycerol com-
position of the extracted potato chip oil and fryer oil with fry-
ing time. Triacylglycerol compositions presented in Tab. 3
for cottonseed oil and in Tab. 4 for low linolenic acid soy-
bean oil showed little difference between the SFE and
hexane procedures for extraction of triacylglycerols with
frying time. Also, there was little difference between the tri-
acylglycerol composition of the extracted potato chip oils
and fryer oils at all frying times. An increase of saturated
fatty acids in triacylglycerol was observed compared to a
decrease in triacylglycerol with unsaturated fatty acids with
increased frying times for the fryer and extracted oils.

SFE and hexane extraction of oils from potato chips pro-
duced similar tocopherol compositions at each fry time
with the exception of the δ-tocopherol levels in the 10 h
low linolenic acid soybean oil sample. Differences were
noted between tocopherol composition of the fryer oil and
the extracted oil for the 20 h low linolenic acid soybean oil

sample. The SFE and hexane extraction and fryer oils
had similar compositions of unreacted triacylglycerol as
well as thermal, oxidative and hydrolytic degradation
products at each fry time. Similar decreases in levels of α-
and γ-tocopherols and increases in thermal and hydrolyt-
ic products were observed in both cottonseed oil and low
linolenic acid soybean oil as frying time increased. Oil re-
coveries from both procedures were comparable. These
results showed that SFE produced oils that had the simi-
lar composition as oils obtained by the more labor-inten-
sive hexane extraction procedure. Also oils extracted by
SFE and hexane had the similar triacylglycerol and
degradation product composition as the fryer oils. In cot-
tonseed and low linolenic acid soybean oils, the same in-
crease in triacylglycerol with saturated fatty acids and de-
crease in triacylglycerol with unsaturated fatty acids with
fry time was observed for the extracted and fryer oils.
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